pH dependence of daunorubicin interactions with model DMPC:Cholesterol membranes.
Mixed monolayers composed of 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC):Cholesterol 7:3 prepared by the Langmuir-Blodgett method were used as model membranes to investigate the influence of the anticancer drug daunorubicin (DNR) on the properties of the lipid membrane. The Langmuir monolayer experiments revealed that drug - membrane interactions are pH-dependent. The changes in monolayer organization at subphases of pH 7.4 containing daunorubicin visualized by Brewster Angle Microscopy showed that in the presence of the drug the typical morphology observed for phospholipid layers containing cholesterol was no longer seen. It supports the explanation of the mechanism of the drug incorporation into the layers in terms of the competition between DNR molecules and cholesterol in the layer. Increasing surface pressure with time and increasing value of limiting surface pressure with increasing drug concentration in the subphase confirmed incorporation of the drug into the membranes. The interactions between the lipid monolayer and the drug at pH 5.4 were of electrostatic nature between the negative part of the DMPC molecule and positively charged drug, while at pH 7.4 contribution of interactions of daunorubicin with cholesterol was observed. Large differences of the surface-pressure vs. time plots were observed at both pH values when the DMPC:Cholesterol monolayer was not well organized yet. The voltammograms recorded for DMPC:Cholesterol monolayers transferred from the air-water interface onto gold electrode confirmed the presence of the drug in the lipid layer. Based on the charge of the oxidation-reduction peaks corresponding to the redox processes of quinone-hydroquinone group in daunorubicin, the initial surface concentration of the drug in the membrane and the drug release profile to the solution were evaluated.